Abstract: Despite advances in the surgical and medical treatment of bladder cancer, there have only been minor improvements in mortality and morbidity rates over the past decades. Urine-based markers help to improve diagnosing bladder cancer with the aim of complementing or probably in future replacing cystoscopy. Biomarkers may allow individualized risk stratification and support decision-making regarding therapy and follow-up. This review summarizes the existing urine-based biomarkers in bladder cancer. We conducted a comprehensive review of the literature. We conducted a PubMed/Medline based research on English language articles and selected original articles and review articles that provided both description and assessment of urinary markers at time of screening, initial diagnosis, monitoring and prognostic evaluation of urothelial bladder cancer. Our research covered studies published between 2000 and 2017.
Introduction
Urothelial carcinomas are the fourth leading cause of cancer in humans. Bladder cancer concerns approximately 350,000 new cases each year worldwide and its incidence is constantly increasing. At time of diagnosis, non-muscle invasive bladder cancer (NMIBC) represents the majority of cases, accounting for 70%. NMIBC is characterized by high risks of disease recurrence and progression, thus requiring close surveillance.
Review Article
The contemporary role and impact of urine-based biomarkers in bladder cancer Individual or systematic screening for bladder cancer is not recommended. Bladder cancer detection/diagnosis relies on the combination of cystoscopy, voided urine cytology and CT scan. However, the current available tools all have caveats. For example, cystoscopy is an invasive procedure and urinary cytology comes with heterogeneity in interpretation among uro-pathologists, difficulties in interpretation in case of urinary tract infection, and low sensitivity especially for low-grade tumors. The routine uses of both sensitive and specific biomarkers that could help in both diagnosis and surveillance settings of bladder cancer has been a recurrent challenge for the last decades.
This comprehensive review aims to provide the latest updates on major urine-based markers for bladder cancer ( Table 1) . A PubMed/MEDLINE web based research was conducted with a time frame from 2000 to 2017 using the following keywords: "markers", "urinary markers", "bladder cancer", "urothelial cancer", "diagnosis", "surveillance", "prognosis". The literature search was limited to English language articles. Every paper providing data on urinary markers in the management of lower tract urothelial carcinoma were selected. It included every prospective and retrospective studies or review articles that provided data on description of the test and an assessment of sensitivity, sensibility, positive predictive value, negative predictive value and cost effectiveness.
Clinical situations

Screening and risk prediction
Related to the general population there is no acceptance or recommendation of bladder cancer screening yet, because the incidence of bladder cancer is lower compared to other tumours (e.g., breast or colorectal cancer) and a relatively high percentage (75-80%) of NMIBC would be being diagnosed. In contrast, to its low incidence, bladder cancer has a high mortality/incidence rate and thus a welldefined high-risk patient cohort could indeed benefit from screening. The discussion of screening of patients with high-risk NMIBC has been enrolled in issues of theoretical and cost-effectiveness considerations (1, 2) . For example, Vickers et al. showed in a study which incorporated data from the prostate, lung, colorectal, and ovarian (PLCO) trial that screening for bladder cancer can be optimized when patients with elevated risk for bladder cancer are included in screening trials (3) . Moreover, risk stratification tools such as the RiskCheck Bladder Cancer © which showed a high predictive power for the identification of asymptomatic patients living under risk of developing bladder cancer, can help to improve detection rates compared with the general population (4). It is important to identify patients, who are at elevated risk of harbouring bladder cancer due to smoking history, gender, age, exposure to bladder cancer inducing substances. Urine and blood-based biomarker tests for bladder cancer screening can be offered to those people.
Diagnosis of bladder cancer
Cystoscopy and adjunct to it the urine cytology, is currently the gold standard for the detection of bladder cancer, especially in patients with symptoms for bladder cancer such as haematuria. There is a limitation for the cystoscopy in the detection of flat lesions while the detection of carcinoma in situ (CIS) is the main domain of the urinary cytology (4) . During the last years many urinary markers have been developed with the aim to identify bladder cancer before the lesion is visually detectable. At the moment there is no marker, which is able to replace or supplement cystoscopy for diagnosing bladder cancer.
Surveillance and monitoring of bladder cancer
In patients with known bladder cancer, there is a large field for promising molecular markers. This is due to the importance of follow-up patients with bladder cancer who suffer from high recurrence rates. Many new markers have been detected in the last decade but nevertheless a distinct clinical degree of reluctance persists. i.e., on the one hand, molecular markers may be able to identify bladder cancer before they can be visually detected during cystoscopy, but on the other hand, there is currently no reliable test, which can differentiate between true and false positive results. It is difficult to define a negative test. The reason for the relatively low sensitivity of the urine cytology in detecting bladder cancer is its limitation in identifying low-grade bladder tumours. This deficiency could be limited with the adjunct use of markers with adequate rates of sensitivity and specificity.
The ideal marker should detect bladder cancer recurrence earlier than standard tests (e.g., cystoscopy) by high sensitivity and reduce the need for invasive cystoscopies. In the surveillance setting, high rates of specificity are necessary for predicting response to therapy or recurrence. A lack of specificity could be solved when the marker is used adjunct with other markers and diagnostic tools.
Staging
In the staging setting when bladder cancer is diagnosed, there is no marker, which is routinely used adjunct to endoscopy and imaging technologies.
Evidence synthesis
Validated markers for screening and surveillance
Nuclear matrix protein 22 (NMP22)
The nuclear matrix is an essential component of mitosis in the nucleus of eukaryotic cells. It results from aggregation of proteins/RNA and has major role in DNA replication, transcription and RNA splicing (5) . Therefore, it plays a major role in cancer proliferation. Numerous NMPs have been described in solid cancers, most of them being organ specific. NMP22 has been described as having a specific role in bladder cancer development (6) . In case of malignancy, NMP22 is shed by apoptosis from the cell nucleus into the urine. The use of NMP22 in bladder cancer diagnosis is known since the late 90's (7).
Currently Several studies report a significantly higher sensitivity compared to cytology. Overall sensitivity of NMP22 detection ranges from 47% to 100% and its specificity ranges from 60% to 90% (6, (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . The variability in these numbers can be explained by the fact that tumor volume is lower during surveillance compared to initial diagnosis. Several studies suggest that NMP22 is superior to cytology for detecting low-grade urothelial tumor but inferior to cytology regarding high-grade urothelial tumor.
In 2014 smoking exposure, benign genitourinary disease, urinary calculi, presence of leukocytes, urinary erythrocytes, and high creatinine concentrations have been identified as negatively affecting the positive predictive value of NMP22 test (11) . Some factors have been proved as favoring false positive results as leucocytes level in urine analysis (21) or concentrated urine (22) . Moreover, a higher cut-off than 10 U/mL has been suggested in the elderly (21) .
Bladder tumor antigens (BTA)
BTA tests are protein-based tests. They are based on the ability to detect bladder tumor-associated antigen, also known as human complement factor H related protein (hCFHrp), in the urine. This antigen was isolated from the urine of bladder cancer patients. It has been identified as a hCFHrp. Factor H is a protein that plays a major role in the alternative pathway of complement inhibition. Factor H acts as a cofactor for factor I-mediated cleavage of C3b (23) . In addition to its role as regulator, factor H has been found to be, with factor H-like protein 1, a mechanism used by certain malignant cells to escape complement mediated killing (24) .
There are two FDA approved tests using BTA detection: BTA stat and BTA TRAK. They are not indicated for bladder cancer diagnosis but only for bladder cancer surveillance and only in combination with cystoscopy.
The BTA stat is a single-step immunochromatographic qualitative test for detection of a bladder tumor associated antigen in voided urine. This test uses specific monoclonal antibodies to identify a human complement factor H-related protein. It was FDA approved in 1995. It requires only few drops of fresh or refrigerated urine and needs about five minutes to get a result. It can easily be performed in daily practice (25) . Its diagnostic performance has been evaluated by several studies resulting in a sensitivity of 57% to 83 % and a specificity of 60% to 92% (25, 26) .
Both BTA stat test and BTA TRAK can result in false positive results especially with regards to the presence of benign urological conditions such as benign prostatic hyperplasia, stones, endourologic stents or urinary tract infections. It mainly can be explained by the basic presence of complement factor H in blood at high rate. Therefore, any urologic or non-urologic condition leading in hematuria may be responsible for false positive results (27) . (28) . Therefore, its performance appears insufficient. For initial diagnosis it may demonstrate better accuracy with a sensitivity of 68.1% for high-grade, but only 46.2% for low-grade tumors (29) .
Urine bladder cancer (UBC) tests
uCyt+/ImmunoCyt
The ImmunoCyt is an immunocytological assay, which detects tumor-associated cellular antigens in urine-derived urothelial cells by immunofluorescence (Scimedx Inc., Denville, NJ, USA). Fluorescent monoclonal antibodies are used for detection of cellular bladder cancer markers (carcinoembryonic antigen and bladder tumor cellassociated mucins). The stained samples are studied after incubation and staining, for immunofluorescence. In most studies, it is common to consider the test result positive in samples with ≥1 green or red urothelial cell (from 500 analysed cells). This test is limited in clinical practice due to high costs for equipment, long time for specimen processing and analysis, as well as inter-/intraobserver variability (30). However, Pfister et al. showed that the ImmunoCyt assay complements the diagnostic accuracy of urine cytology (31) . The sensitivity and specificity range from 50-100% and 69-79%, respectively (32 
UroVysion fluorescence in situ hybridization (FISH)
and Locus Specific Identifier (LSI) 9p21. The probes are premixed and pre-denatured in hybridization buffer for ease of use. Unlabeled blocking DNA is also included with the probes to suppress sequences contained within the target loci that are common to other chromosomes. Urothelial cells are extracted from urine samples and then fixed on a slide. The DNA double strand is denatured into a singlestranded DNA that allows hybridation with probes. A series of washes eliminates unbound probe. The use of a DNA-specific fluorescent stain allows probes detection. A microscopic count is performed to diagnose polysomy of 3,7 or 17 and loss of 9p21. The majority of publication assessing UroVysion performance report a better sensitivity than standard cytology. Its sensitivity ranges from 69% to 75% and its specificity from 82% to 85% (35) . UroVysion might have a promising ability to detect recurrence for patients with atypical cytology and negative cystoscopy (36) .
Cxbladder
Cxbladder monitor is a combined test using both genetic analysis and clinical data gathered in a diagnostic test of urothelial cancer. It was first developed and described in 2012 on hematuria population without history of urothelial cancer and compared to urine cytology and NMP22 (37) . It uses a combination of 5 mRNA markers CDC2, HOXA13, MDK, IGFBP5 and CXCR2 that are detected in voided urine. There are three types of Cxbladder tests: Triage, Detect and Monitor depending on patients' clinical data (age, gender, frequency of macrohematuria and smoking history) (38) .
Cxbladder Monitor has been shown to have an interest in patients' follow-up. A prospective multicenter US study on 803 patients with history of bladder urothelial cancer demonstrated a sensitivity of 91% significantly superior to Cytology (22%), NMP22 bladder Check (26%), NMP22 ELISA (11%) and UroVysion FISH (33%) (39) . Performance of other FDA-approved tests in this trial are surprisingly low in comparison to previously published data (40) .
Validated markers for prognosis
A single center prospective study evaluated the outcomes of 91 patients followed during 48 months that previously had cytology, hemoglobin dipstick, BTA Stat, NMP 22, BladderCheck and ImmunoCyt performed at the time of TURBT (41) . In univariate analysis only cytology had a significant association with non-occurrence of disease recurrence or progression (HR 2.67, P=0.017). On multivariate analysis only NMP22 was independently significantly associated with a lower-risk of disease recurrence (HR 0.41, P<0.01) and disease progression (HR 0.32, P=0.02). But surprisingly in this study, a positive NMP22 was associated with both decreased RFS and PFS.
A single center study on 114 patients with a previous history of NMIBC with negative cytology tested the prognostic performance of UroVysion FISH, uCyt+ and NMP22 performed during follow-up before cystoscopy. Follow-up lasted 24 months (19) . In this study only every positive marker was associated with increased recurrence rate and progression. But only NMP22 was significantly associated with increased risk of recurrence (HR 4.2, P=0.001) when patient had negative cytology. The study of different markers association revealed that only the negative combination of NMP22 and a second urine marker was significantly associated with a low risk of recurrence. Similar conclusions on NMP22 test's performance on recurrence but not on progression or overall survival were drawn with high risk NMIBC (42) .
In 
Potential new markers
Cytokeratin 20 (CK20)
Cytokeratins are keratins polymer based proteins and are part of the keratin-containing intermediate filaments. Those filaments step into cytoskeleton composition in epithelial cells. Cytokeratins family counts for twenty members. CK20 was first described in 1990 in the intestinal cytoskeleton (45) . CK20 is rarely present in normal urothelial cells unlike CK19 that is almost constant (46). CK20 is not specifically found in bladder cancer and has been found in digestive tract cancer.
Over the last decade, CK20 is chow to be more sensitive than cytology. Series relate a sensitivity ranging from 81.6% to 83.3% and specificity of 70.4% to 77% (47) (48) (49) (50) . CK20 detection has mostly been assessed when combined to urine cytology. Lin et al. (51) conducted a trial archived urine slides that determines that CD20 could be useful to detect cancer in patients with atypical urine cytology and so to distinguish CIS from reactive atypia or dysplasia.
Its modality of detection is not standardized and differs with authors. In pioneer studies on the CK20 performance for urothelial cancer detection, authors used RT-PCR using CK20 amplification band obtained using mRNA extracted from Transitional Cell Carcinoma cells of bladder tumor. CK20 can be detected using immunocytochemistry. Papanicolaou-stained urine slides are destined then restrained with monoclonal antibody against CK20.
Survivin
Survivin belongs to the Inhibitor of apoptosis protein (IAP) family. This protein is usually found in embryogenic and tumoral cells but not in well differentiated cells. It both regulates mitoses progression and apoptosis inhibition (52, 53) . Survivin was primarily found to be an excellent target for new anti-cancerous treatment (54) . It rapidly became a promising diagnostic tool as well.
Its first use in bladder cancer management dates back to 1999. Swana et al. (55) used immunohistochemical methods to detect surviving in bladder cancer tissue from patients with localized bladder cancer. Survivin was more frequently found in high-grade cancer than in low-grade cancer. No surviving was found in normal urothelial tissue. Survivin presence was also correlated with recurrence.
Smith et al. (56) first described survivin detection in urine using an antibody-based test. In their series surviving test sensitivity was 100% and its specificity for other urologic tumor or non tumoral condition was 95%.
To our knowledge, there is no standardized methods to detect surviving in urine samples. Authors often use a Bio-Dot microfiltration system. Authors use different antibody of different origin to detect survivin. With BioDot methods, sensitivity ranges from 35% to 83%. Lowest sensitivity level was found for low grade tumor. Specificity ranges from 88% to 93% (57, 58) . Other authors use RT-PCR to detect survivin mRNA expression. But the primer sequences used for its detection are not standardized. With such methods sensitivity rises up to 80% and specificity to 100% (59) . Most studies report a correlation between survivin and prognosis as its detection appears to be linked with grade. But correlation with recurrence is unclear.
In total surviving detection appears promising, however the lack of standardized test and cut-off prevents us from drawing solid conclusion by performing a well-conducted meta-analysis. Several new targets, such as Nuclear factor kappa-B (NF-κB), miR-138-5p or Human HLA-F adjacent transcript 10 (FAT10), directly or indirectly linked to survivin expression are yet to be explored (60, 61) .
BLCA1/BLCA4
Specific nuclear structural proteins were identified as being specifically expressed in bladder cancer tissue (62) . Currently six proteins of this type (BLCA-1 to BLCA-6) have been identified. They belong to the nuclear matrix protein group and are nuclear transcription factors and therefore play an important role in carcinogenesis process. BLCA-1 is only found in bladder tumor tissue contrary to BLCA-4 that is also detected in normal bladder tissue suggesting a different role in carcinogenesis (63) .
Recent studies demonstrate that BLCA-1 appears to have a role in angiogenesis (64) . BLCA-4 appears to have a role in apoptosis regulation. Some studies suggest that BLCA-4 might belong to the ETS transcription factors family (65, 66) . Authors suggest even larger implication of BLCA-4 in carcinogenesis with a role in angiogenesis, coagulation…
Only one small study assessed the accuracy of BLCA-1 detection on bladder tissue to detect bladder cancer. Authors used a specific antibody targeting BLCA-1 protein.
In this study, BLCA-1 detection test had a sensitivity of 80% and a specificity of 87%. BLCA-1 detection does not appear to be correlated with tumor grade (67) .
Urine BLCA-4 detection is performed using multiple methods such as ELISA test, Sandwich immunoassay or QPCR. Its sensitivity ranges from 89% to 97.37% and its specificity from 95% to 100% (62, 65, 68, 69) . BLCA-4 does not seem to be correlated with tumor grade.
There is no commercialized test using these proteins available. It is difficult to draw definite conclusions on the use of BLCA-& and BLCA-4 detection to diagnose or follow bladder cancer patient as there is no standardized test with clear detection cut off.
Cyfra21-1
Cyfra21-1 refers to a proteolytic region of cytokeratin-19. This soluble molecule has been considered as a tumor marker in several neoplastic diseases including bladder urothelial cancer. Its performance in bladder cancer detection has been evaluated both in serum samples (70) and urine samples. When performed in urine samples, it has a pooled sensitivity of 82% (95% CI, 0.70-0.90) and a specificity of 80% (95% CI, 0.73-0.86) reported in a metaanalysis on sixteen studies (71) . A clear cut off value I not determined, but it appears that a cutoff value of 1.5 ng/mL seems to get a better sensitivity (72) . Urinary stones, infection, and previous intravesical BCG immunotherapy caused many false positive results (73) .
Apolipoproteins
Apolipoproteins are proteins that bind lipids to form lipoproteins. They also have a role as enzyme cofactors or receptor ligands and interfere in lipoproteins metabolism. They have been demonstrated to have an increased circulating levels in variety of cancers patients (74) . Apolipoproteins 1 detection in urine have been showed to have a 89.2% sensitivity and 84.6% specificity for bladder cancer detection in a trial on 379 urine samples (75) .
Five biomarkers (Apolipoprotein A4, Coronin-1A, Smenogelin-2, Gamma-synuclein (SNCG) and DJ-1/ PARK7) that have been individually showed to be interesting bladder cancer markers or other cancer markers have been selected based on the results of mRNA expression analysis of healthy patient and patients with Ta/T1 and T2/ T3 Bladder cancer patients. Kumar et al. then validated these five biomarkers in a multicenter international cohort of 173 patients and 212 controls including 91 patients with other malignancies and 121 suffering from chronic conditions (76) . When combined, these five biomarkers had a 79.2% and 86.4% sensitivity and a 100% and 100% specificity for Ta/T1 bladder cancer and T2/T3 bladder cancer respectively when performed with ELISA. These combined five biomarkers had a 93.9% and 100% sensitivity and a 96.7% and 100% specificity for Ta/T1 bladder cancer and T2/T3 bladder cancer when performed with Western Blot.
SNCG
Protein of the synuclein family might have a role in membrane stability and in exocytotic release. This family contains alpha-synucleins, beta-synucleins and gammasynucleins. These small sized proteins are primary expressed in neural cells. Alpha-synucleins have been shown to be a key in Parkinson's disease physiopathology (77) .
Gamma-synucleins are overexpressed in numerous tumor cells. Some authors even suggest a role in certain chemotherapy resistance by directly participating in microtubule regulation (78) . SNCG involvement in Bladder Cancer has been raised in 2004 by Iwaki et al. (79) .
Regarding Bladder cancer, Liu et al. reported a multicenter study on 1,427 participants (80) . They performed an SNCG ELISA test in urine. For diagnostic purposes, median of urine SNCG level was significantly higher in bladder cancer patient (4.07 vs. 0.35 ng/mL). They proposed an index of 1.9 ng/mL for differentiating Bladder cancer patients. It resulted a sensitivity of 68.4% and specificity of 97.4%. This test was shown to have better accuracy detecting early-stage tumors with a sensitivity of 72.1%.
Despite its diagnostic value, SNCG urine level might have a prognostic value. In the last referred trial, authors studied its prognostic value after TURB. The median postsurgical urine SNCG level was significantly higher in patient who experienced recurrence (2.14 vs. 0.59 ng/mL, P=0.001). Zhao et al. did not confirm this assertion in a 113 bladder cancer patients study (81) . Moreover, there is no clear relation between SNCG level and tumor stage (82) . False positive rate was estimated about 20.5% (80) . As with other markers non tumoral conditions may favor false positive test but hematuria may not affect test result.
DNA analysis
A common characteristic between tumors is to present chromosomic abnormalities. These abnormalities have been firstly detected using microsatellites markers for diagnostic, prognostic and follow up purposes.
Different team developed CGH DNA probes. Larré et al. developed a mini-array comparative genomic hybridation-based test called BCA1. It includes loci affected in bladder urothelial cancer. This test has been used on 22 patients with urothelial cancer and compared to 22 healthy patients. It was assessed for its diagnostic value and had a sensitivity of 95% and a specificity of 86%. This test was also able to distinguish grade with 86% sensitivity and 88% specificity (83) . Moreover, these mini-array can be used to highlight specific chromosomal alterations that Transl Androl Urol 2017;6(6):1031-1042 tau.amegroups.com © Translational Andrology and Urology. All rights reserved. significantly associated to higher grade or more advanced stage (84) .
These types of genetic tests do represent a promising urine testing with a perspective of personalized workup and adjuvant treatment. But they have been performed and tested on limited cohort and centers. Moreover, there is no standardization and possibility to perform them easily in a non-academic urology clinic.
Urine markers in international guidelines
The European Association of Urology guidelines devoted a good place to urinary markers but did not recommend any of them for diagnosis or follow-up in routine practice (85) . None of the tests should replace cystoscopy but they could be used when no tumor is seen on cystoscopy.
In their last updated guidelines (86) , the American Urological Association does not even mention the use of urinary biomarkers at the time of diagnosis. After diagnosis, the markers should not be used in surveillance of NMIBC even with a normal cystoscopy. However, they do suggest that the clinician could use certain markers to assess response after intravesical BCG therapy when cytology is not contributory.
Cost-effectiveness
Bladder urothelial cancer represents the most expensive cancer to treat among all other neoplasia worldwide (87, 88) . Majority of its cost comes from the costs of monitoring. And among these costs largest proportion of expenditures comes from human resources especially for cystoscopy. Cost-effectiveness of recent urinary markers have been rarely studied. A British systematic review (89) constructed an economic model to assess alternative diagnostic and follow-up strategy involving some the recent urine markers like ImmunoCyt, FISH test and NMP22. They tested eight different strategies involving either biomarkers, white light cystoscopy, blue light cystoscopy and cytology. Strategies involving biomarkers had a 20% chance to be cost-effective as defined as less than 20,00 pounds per life-year. They might provide additional benefits especially at initial diagnosis but with extra costs that might be profitable at a longer perspective that remain to be demonstrated.
Conclusions
A great variety of urinary markers have been investigated and may become available for clinicians. A majority of them has been shown to have a better sensitivity than cytology. But, the use of urinary markers for detection or follow up of bladder cancer does not seem to replace the use of cystoscopy. Despite its invasive, not well tolerated and expensive nature. Well guided prospective trials are needed to get a proper assessment of those markers in daily practice.
